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WO 00/59611 

CATALYTIC TRAP 
AND METHODS OF MAKING AND USING THE SAME 

BACKGROUND OF THE INVENTION 

Cross^RgferencU^ Application 

This application claims priority of provisional patent application Senal No. 
60/127,489 ofMichelDeeba.a/ entitled CatalyticTrap and Methods ofMaldng and 

Using the Same, filed on April 2, 1999. 
Field of thelnvention 

— ^;;:;;::;;:;ve„uo„re,atestoacataivtic,n.pfo,ueau„ge^^^^^ 

especially *ose—.fto..ean.b™, engines, andtomemodsofn-aldng and 
„sing*esa™e. More specifically. U,e present invention pn>vides a catalyfe^ap 
.hichabates>.O.in.heexhausts.rea™sbeingtrea.edandexhibits enhanced 
dt^bility after aging a, high temperan^ and lean operation condmons. 
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"^issionorniuogenoxidescmn^-^lean.bnmengines.us.be reduced 

,0 i„orderton,ee.e.issionreg»la.io„s.andards. Conventional .hree-way co™n 
,.TWC")auton.o,ivecata.ys.saresui«bleforabatingNO..carbo„n,onox,de( CO ) 
.„ahydn,carbo„("HC»)pol.u.antsinU-eexhaus, of engines operat^ a. or near 

s.oichiomeuicair/fi.el conditions. A„ air-to-fire, weigh, ratio of ,4.65:1 rsthe 
stoichiometric ratio forahydrocarbon fire,, snchas gasoline, having an average 
,3 formulaCH,... Hovvever. engines, especially gasoline-fi^eled eng.nes to be used for 
■ passengerant„n,obilesandtheliUe.^beingdesigned.ooperatennderlean 

„nditionsasafi,e,econo.yn,easure. Such firture engines are refe,«d to as le^ 
bum engines". That is. the ratioofairto fire, in the combustion nnxtnressupphed to 
suchenginesisn,aintainedconsiderab.yabovethestoichion,etricratio.e.g.,at^a,r- 

30 ,0-fi.el weigh, ratio of 18:1 , so that the resulting exhaust gases are "lean , ..e., 
exhaust gases are relatively high in oxygen content. 
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wo 00/5961 .2 

emissions from such engines becau^^ of » ^ 

. ^ to ^reat the exhaust of such 

engines with a catalvst/NO Qr^rW* u- ^ 

^ . " nitrogen by react on of NO 

metaJ ) and a platinum catalyst. 
Proceed''' 

Proceed.ngsof.HerWoHdCo„g.ssa.Hsa,,.,,Ma..-M995.p„,nsh^^^ 
Soce. C.™,ca .a,.a„a of R„„, ... 3. p,,es .5.3 of .He p„L.or!; 

a™.ee™ed"^eNewCo„eepn.Wa.Ca.,,.Por._^^^^ 
S^ge.dKea.c«o„Ca.,v.^,,ra.ahashU.aUbeW 

descnbed ,„ .he above.„e„.ioned Ta.eshin,a e, a, U.S. Pa.en, 5.473.S87 by 
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Automotive Lean-Burn hngine , y 

f .n.l Congress and Exposition, Detroit, Mich. Feb. 27-Mar. 
international Congress an pu ^^^^..^entioned Takahashi et al paper, 

— !:r::::— ^^^^ 

onSeplember 19, a gas turbine in a power gcneratmg 

rMuclion of NO. in eombusnon exhausu e.g., tronr. a g 

— :::orrL..ee.^^^^^^^^^^^^^ 

...n — .eai^ina^^anaiUno^^^^^^^^^ 
.na.hend^,ngme.eneda,.rnina(seeco,unnr^Un^^ 
Tbe use of a meul ■nonoU.h support for the tnatertal ts suggested 

, P,^nMPunabi.ietaKd,sc,osesacata,.stco™posi.ionco,npr,s,nga 

l:r^?u;:r,l.nSdepos,.edtbereonanactive>a.^^ 
rdlcat:;ic.eta,eon.ponen.disperseao„a.u™.na. 
30 s,rontiunrcon,pound,anda.irconiu.con,pound. (See the Abstract., 
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t/.S. Patent 5 874 nS7 -i v,^ PCT/US00/08758 
oxides) a, operating conditions TTte total a,„ . 

rhodmm (column 4. lines 28-35^ K„t . ^ ^ comprises 

asbase^etaicatalvstsThrcrr; "'^^^ 

--o..,ad..o.jr:r— ^^^^^ 

----n.«.a:da.rrC^^^^^^ 

'o 60 g/ft' is noted. TT,e palladiun, h "^P^'-"'-"' of 5 

~na,,o..e„,:r:;:: 

the outet iayer. U.S. Patent 5 376 6,0 do " ""''"""^ "'^""^^^ 

disc,osesacata,str„.t,.ee-^^'^^r 

T^einttodnctionorseconda..^^^ r 

-■"P.Fote.an,p,e.seetheA 
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wo 0«,596n . ^ a poblem m practical applicat.on. 

P„o,a.ca.aWs,sasaescnbea^vha P^^^^^^^_^^^^^^^^ 

p^ic.>a.W Whence c.aW.sa.easedbv^«P ^^^^^^ 

Unsco— ..ca.e„^^ 

350°Q and high temperature 

----^™^T:rpr--ca.>..c„apro, 
,„ ..co,da„ce»i**e preset invcn„on*=^^ ^^^^^^^^^^^^^^^ 

, ..enaUo™p.s,n.(...e..^-o^^ 
,eas.apa«adiun.ca.aW»ccomp^.enU 

co»poun.ofo.o..o.n^^ s ^^_^^^^^^^ 
a,UaUn,eta,sa„aa,UaU.eea.hn.e«KTe . ^^^^^^ 
, 3 ^n.. ccpnse a cata„..ca«V e«ccuve ^^^^^^ ^ 

,,„„„ca.V.cco.ponc.^;--^^^^^^ 
effective amount, e.g., from .^^^,orN^ carrier member. 

m one aspect ot the p ^nui 300 Pd. 

.5 I5g/ta'. . ,„riontheNO.sorbentmaycompnsc 

- ■ .a.,a..aspec.cf,hep.se„,— 

.a.co.V.-acon,po»---;--;-„,,„,3..n...fo.e.»-p..-" 

o----''"--!:::rr:.ea.o..o.a.o.o.no,.^ 
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5 the Other iaver r ^^'^'^^ catalytic rn,^ 

flayer. «a„.p)e. U,e pa«adiu„, """'P™^' - ^-Posed i„ 

*-op(„„„p„„,,,^^„^,^^ J«,a,y,,eeo.pope„,.3y be disposed in 

---posed... ,_,„^ J^^ --o..^^ 

■=W,eved,haH„so„eci.u..^,,, ""^---^^^^^ 

r7'---''---andp,a,j:::7^ 

f'om ,he i„ve„«o„. «"Pos„io„s a.e „„, 

another aspect ofth 

. '~„a, axisand api.a,„;:;;:;:r''°"- 
;-"---°^-™n..eeioar:^::r--"--^ 

P-a,es be,„, defined by waiis o„ .bich r *e gas-flo. ' 

NO. -be„, eo.p..„ ,,,, -'.".c .ox ..ben. i. eoa,ed. Tbe 

--".spo.edo„,„3Je:: ~ 

7^^--^.Heca„ie..e„be.a„dIi::r"""^'"^''^=''-^^--'i>e 

™ a .o„, ~ a„d po.ss.u„ a.e 

■^"-"--a„.,.^,.„.^:^;^----e«„edbe,.ee„,e.^^^ 

~„,,bedi.^„,„„,^^^ ; 

-PHs«.o„abou,20pe,ce„„„S0p;l7r"'°'^=™--'a.epo™ 

of .he length of ,be carter a,o„g i, 

A method aspect ofth 
----P-no.e.op.pa^::;"-^'^---^>P.^^^^^^^ 

:~.=-pe.edo„.oa:jo:; ;n 

"~'-''''"'^-bic,e,op™la p 

--PPonedpa„ad,„™,„3,,„ 
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„..bisccn,««edw.*.KO- ^^^^^^^^^^^^^^^^^^ 
and alkaline earth metals. ^.„,ber is dried and then heated. 

layer, e.g.. Ae bottom layer. ^^potmds of one or more of 

preferably compounds of one or m ^^^^^ 

srrontivon and barium, n,os. preferably ^^^^^ d,e step of eombimng 

^ot.eraspe.tofO,e — prov.s^^^^^ 

, *e-..rben...— 

n,ore precursors of one or more precursors to the 

NO. sorbent. In a related asp ,ue,eafter drying and heating the 

r ^ mPthod of the present invention, tne ysyj, 
'"^'''^'^"''"tJecauLcmateria.bya^st-dipping technique"™ 

,ereof.isincorpor^.e -n, -ca^^^^^^ 

which a dried and heated, e.g., calcm ..^^.a i„,„ a solution of one or more 

,3 componentcandopt.ona..yo.bercon.o^-^^^^^^ 
.O^sorbentprecursorcompound.^-^^^^^^^^^ 

^iracory earner member, (.» drymg ^ 
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heating the dipped carrier member obtained fr PCT/usoo/08758 

In anolJiermelhod aspect of th, 
compounds of on. „. boft of oesiu™ 7""" 

hereof, whe^by basic oxygena. J! ^""^ 
Ve.a„otbe.aspec.ofU.epr„r 

-a„s.gass..a.co„pHs.,j:::r'™."°^"'^=~ 

operanon. TT,e co„.c.i„g is carted ou, a, cond -"-'^ometric or rich 

NOJnU,eexhaus,gass,.^i," 7'''°"^ '-'-.e Of U,e 

'=-pe..io„a„d.3.,eascd:drrr:r-":~^^ 

stoichiometric or rich operation. "^"^ ""^""^ »f 

----r™h:i:r^^^ 

*e exhaust gas .„ oxidize hydrocarbon, 

exhaust gas with the catalytic trap. " '° 

Reference herein and in the claim., .. 

----oca.a,y.icco.r,ponents s::::^" 
-~.eansthe.eta, in cataiyticT :^^^ 
S.m,)arly. reference herein and in U,e cla ' " '^^ 

sorbents means any effective NO -trannrr" ""Pricing NO. 

-pounds such as nteta,hvdro.;d7 !™""^"""^^-^ «-»~-mi 
carbonates. ' "'"^ "eta, oxides or n,etal 

7T.e quantities of components of the catalvti. • 

™i-fweightperun,voiun.e,spec.ncat r 

Pe.cubicfoo,(W,. ™ssvstelo f o!: T'^""'"""""^'"'"^-^*-^ 
"-ber such as the carrier memb °' """"""^'^'^ -conu^odates vo.ds .n a catrter 
-sa-oes extend.. thereZuir f "'^ ' ^'"""'^ -«ow 

----- ureti::::::-^"^- 

-".larh accommodate the voids contained in an 
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WOOO/SWn . ^„^bentiscoatedon.obeadsofacataMically 

.en..ena.*c.en..s»a*e— ^^^^^ 

5 eg,200g/ft'Pd.90g/ir,'Pt.e.c. ^^■"^7. ; 3.,) calculated on the 
i.^vo,.n,e.a.s..t.^sP...e.^^^ 

basis ofthe following oxides: UAN . • ;. '^^„be„3 sometimes referred to as 
.ati..gof-.ecatal.ic.0.sor^-*-^^^^^ 

rrd:::-.:----;-^^^^^^^^^^ 
...:=r::c=r:of .o..o.....e^^>^^ 

used herem ana tn the cU>. ^^_^^^^^^^^^,^^^^^ 
-Pou-ofntetalando^genwhte^^^^^^^ 

lle^r— --'-'--"-'"^^^ 
":alUa.es..eheat.ng.a.heatate™pera^J^;-^^^^ 
.derconditionssu.eienttohe,pf.xon,o--^^^^^ 
^^theheattngandtodeeo.,.^—^^^^ 

25 "calcining". 

BRIEFDESCRIPTIONOFTHEDRAWWGS 

• „racatalytictrapcomprisingas.ngle 

30 present inveniion; 
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^WelA is a paniaJ cross-section,. • ''CT/USOo/08758 

%'-elBi,aviaw.e„,a^«, , '"'""^""fRgure I; 
P^sagK shown in Fig„„ '''^ "A- of one of the gas-flow 

^ figures 2A and :>B are sch 

--^c.ap.ir::::rr°--"- 

present invention; ' ^'Bc embodiment of the 

figureSisapetspectiveviewof 
<'i-.ehoneycomb-.^erefi.e,o,vcan,;r;^'^'^'"''-™P'^^'"8-o 
' «»t-«n,en, of the invention; ' '""^^ witi, a second 

--t;:iroZ~^ 

-P-acco,^cewi.h.hepres:„.:::::"'^'----~ofaca^^^^^ 
figures 5-12 are gt^phs of "NO conv" • 

-ic.. -is the percent ofNO.in the ilietstrrrr''*^'"'''^^'™-"-""'^^ 
~.oN..h,hei„geo„.ac.dw,thLr^'°''^'^^"'^-"'- 

--pera.ureindegt.escen.ig.deo^rr'^"™''""*^''™ 
entering the catalytic tmp; " ■mmediately prfor ,o its 

RgurelSisagt^phofhydrocarhn 
;;--ca,a.,sthepercen.of;:t^:;:;^;7---..p.o„ing 
ca.a,.v„c trap wh,ch ,s convene, (p^mariiv to Tl '° - 

■^-taiy.ie.ta.andonthehot, Llit 

•^=in-e.»eamimn,ediate,ypHor.o,ts::r:r'^"^*"*-"-~ 

-^-e M is a graph of the NO "^"^ 
Mrocarh„„.o„.,„,„„_^ -J- 

^ figure 13 were generated. 
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DETAILED DESCRJPTION OF THF 
-VENT,0HANOSPEap,CEMB00,MHN™s 
^ereduconofNO. from ,he exhaust ofleantr 



THEREOF 



-jecr,on and panial Jean-bun, en.,n. '"'^^ ^^^^-'i"e 

'^ejeasmg and reducing the 
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lean-bum engines. 

Acau,v.c«pge„e««ymustprovideaNO.»apto,c.,o„a„dacauWs. 

action ^p,caHyaTWCca..ys.tocuo„. WiU,ou, wishing .o be bound by a 
^LJl..Usb=Hevea*a.ca..y,.c»psfuno.o„in.efoUov.„.— ^ 
0 At lean engine operating cona,.ions*e following reac«o„sa.epron.o.ea. 

(a>N0+l/2 0, >N02 . 

,0 J)NO..NO;sotbe„, -> Ttap nit^te. e.g., BaCNO,. wben banun, 

oxide is the NO^ sorbenl. 
.e::n<aUstyp,ca,,yp— bypal.aa.t.ana.o.P— 

The NO. .orben, in reacon (b) is typically an oxiae of. e.g.. Na. K. Sr. Ba. etc. 
,3 3) A,sto,chion,e,ricorriche„gineoperatingconaitionstbefollowingr^Cionsa« 
promoted. 

(c) TrapNitrate > NO. sorben, - NO- 

(d) NO' * CO, HC. or H, — > N. + HP ^ CO, 
Jl,a)is,ypical,ypron,oteabypallaainn,ana.orrboaiun.catalyt.c components. 
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Generallv.as shown intestaatareportedbelow.conventionalcaulyttctraps 

„.ea in trea.i„gNO.en,inea fron, lean-bum engines showed severe loss rnNO. 
activi,va.,en,peraturesof200-350-Caf^.eanor,i.el.cu,ag,nga.tenrpera™res 

:L;thanJ.C.,Fue,.cutag.ngofaca.a.ytictrapta.esplacewhen.heflow^^^^^^^ 

,3 Ltoanenginewhosee>a.aus,isbeingtreateaby.hecataly.ictrap.s.e.po-^^ 

off therebyproviaingextre„«.yleanopera..ngconai.ionsauringthefi,e cu.-o«^ 

pi aofop^rat,on., Por example. NO. conversion for fresh convenuona, catalyfc 

:;lasrea.300»Caroppea fron, over 90% to less than 30V. after lean a^^^^^^^ 

"Zc ,ncontr.t.cata,yt.c,raps,naccoraancew.th.hepresentinve„..onshowea 

30 ™uchber.ercatalvs.aurabili,yafters,nnlar.eanag,ng.Theca.a,yt,ctrapsof,he 

::l.nvennonret.neahlghNO.conversionsbe.ween.SOana 350^Cafterlean 
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aging at 750° C bv the exDedJent «f • , PCT/US00/087S8 

(manured as U,eelem«ulmeW) Su.h . ' "P '° abom 300 g/ft' Pd 

about 250 or 300 g/ft'i„,,„ll *"^''^«'""'-'^-«Og,fr'.„p,o 

^ ^^^^ 
.~.„d.::;:— 

enhanced wiA increasing Pd con """" 

-ca......,andrc:drdZ:::;:r°^^^ 

"Pa-.>..Signine.,in,pro_„.sind: rr:^^ 

wherein the washcoat of th. ^ ^^Ps 

layer. In anoUier preferred emboH " " '"P"""^ 

-..ca..ic:o:;::r~^^^^^ 

conrponen, is segregated fro. ,he I ""^'■"'^ 

^ionisreaditar.::: 

ca.,y.,cco™ponenUn,oonediscrrerlT"^^^^^^^ 

ai..ep,a.n™,and.orrhodiun,jr:"r '"'"'"^^ 

washcoa,. Segregation of fte „ . "^^^'^ ^--te layer of 

n.aybeanained~^^^^^^^ 

Panadin.ca.aiytiLo:";:::;"""'"""'^-'^ 

oxide suppon with ,he L ""^^^^""""^ ^ ^^^^ of refraco^ ™e.a, 

™-.ng.:e^..o:r :z 
~nis,we:r::~ 

->.co_.niore:;:2:rdr^^^^^ 



BNSDOCID; <:WO 005961 lAl I > 



^bTAJSOO/08758 

Znavbe dispersed on Us ov™ reftaco^ me«. oxide supper, by .mpregnanng 
:ril;-.o.depan.e,es..aso.iono.pree^.«..P^^^^^^ 

K ,™,ied as a separate, discrete layer of the washcoat. Alterr.a,.vely. and 
^aybeapphedasasepar ,„,.^i<,„ of u,e NO. sorbem throughout the 

preferably, with respect to atlamtng finer dispersion oltn . 

catalvt,ctrapn>atenal,.heNO.sorbentcanbedispersedin,hewashcoa.b> 

— = 

...coat oonta.„.ng the pauadiu^andoptior^lp—and^orrb^^^^^^^^^^ 

components into a solution of one or ntore precursor compounds of the NO. sorb 
! be appreciated that d,fferemponionsoftheNO.sorben,n.ay be mcorpo^ted 

,3 ::r::ytictrapma.eria,bydifferentonesoftheabovetechn.ues. ^e^o.ce 
rfaparticu.arn,e,hodofincorporationoftheNO.sorbentmay.nsomecasesby 

c^bv the particular con,ponen.sbelngu,i.ized.Pore«n.ple,if.bo*ces.umand 
InesiumNO.sorbentsaretobe utilized lnthesamecon,posit.on,precurso 
Lpoundsofcesium and magnesium Should no. be present in the same — 
30 because a, leas, some such compounds .end .o reac. with each other and form 
precipiiaie. 
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above. ,1 has been fomdlhat the use of „ u ^-"73.887 discussed 

amounts of rare earth metal oxide. u ^'^'^"^^^^^ °° °n]y very limited 

' eanhn,etai oxides used in, he k„ ™«--o-.s of ccria or other rare 

.e.ac.orv.e.U.^r : 7""'^'°*''""'^'='^™- 

— .nsofC::™^ 

^=.....fone:~^^^^^^^ 

calcium, stronnu™ and bariun, TT-e mixed A "^S"""™- 

^ca.ciumU.ana.e.bariurZrir""'"^''^^'-''"^ 
™.nesiu™a,un,....^..,,,,^tro~ 

--orpoussiuu,bas.cox.v™c„;rd:::::r"""""" 
r•*--•---•'s-^e..a.u.o.::::::.TeZ:;;r 

above-noted total loading of NO sorbent nf f n , ^reterably, the 

>oad.„,ofcesiu™and.or,JCli;r 

g/i„>. """"''''^'■^''''^"'PO'mdsoffromabomO.l.ol.s 
-whoseexhaususbein,::: r ::^^^^^^ 

mus, be dc-sulfa,ed ,vBic n ■ '^^ ""^ ^'^^al 

sulfated. ,yp,cally once ,n even- 200 ,o ,000 miles (32. ,o 1 609 
kilometers) of engine operation De .„lf„- ■ t^-Io 1.609 
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":;::l^f*eca.a.y..™pa.650»C..= 0.990.o0.995.i..desu.fa.e.he.^^^^^ 
Ip ..erial. where X is the ratio of ac.ua, ,0 stoichiometric air-to-i^e. weight ra,.os. 
UfoUows.ha,X=, i„d.cat=sastoichiome.Hc™ix,ure..> . i^iicates a .eart nttxture 

and X < 1 indicates a rich mixture. 

AS indicated above, it has been found tha, in the catalytic trap matertal of the 
present invention, thepresenceof cesium and/or potassium oxygenated compounds as 

leNO.sorbentprovidesenhancedhigh-tempera^reNO.conversion. It ..however, 
eonventiona, wisdom that suchcesiumandpotassituncompoundsaredifncuUtode. 

sulfate and so there has been resistance ,0 utilizing them as a componem of the NO, 
,0 sor^n;.at,eastinamountssuff,eie„ttoenha„cehigh-.emperatureNO.reducnon. 
Surpristngly.ithas been found that cesium ismuch easier to de-sulfate than ts 
poLum and is eeneraliyno more difncult than the other NCsorbentmaten^sof 
,hepresentinventiontode-sulfate.To,hisextent.therefore.abas,coxyg=na.ed 
compound of cesium, present .n an amountoffromaboutO.. to. g/in-.e.g.. from 

,5 about 0.1 to 0.7 g/in\ is a preferred NO. sorbent. 

■ntefront,ongitudinalportionofthecau.,ytic,rap(thepon-onend,owh,chthe 

exhaust stream being treated is frst introduced) preferably excludes the cesium and 

p„.ass.um>«).sorbents. which, when used, are relegated toarearportionofUte 

catalvtic trap. For example, a typical so-called honeycomb-type carrter member 
;mpHsesaWofma.enaUuchascordieriteor.he,iUe,havi„gapl^^^^^^^^^^^ 
...flow passages extending therethrough from the front face to therearfaceoftb 
ca„,er member. These nnegas-flow passages. Which maynumber from abou.,00 to 
900 passages or cellsper square inch of face arearcpsi").haveaca,alyt,cu.p 

materialcoatedonthewallsthereof. „ is preferred to relegate any cestum or 
potassiumNO. sorbent utilized to the rear longinrdina. segment ofthe earner member 
Lno, to reduce the activityofthef^nt longitudinal segment ofthecarrter member 

f„. U,e oxidanon of hydrocarbons. Typically, the frst 20 to 80 percem of the 
,on.i,ud.na, length of the carrier member is .ept substantially ..ee of the cestum and 
pot;ssiumNO,sorbe„tswhicharere,egatedtotherear.0.oS0percen.of hH^^t. 

members,nseries..henrstorupstreammemberbemgdevoidofcesiumorpotass,um- 



20 



BNSDOCID «WO_0059611A1J_> 



15 



20 



25 



30 



WO 00/5961^^ ]5 

release nf H q u . ' "^^^ obnoxious than the 

imued. Preferably, such componems are placed within the 
ow„s.rea,„.0.„fthelo„,i.„,„,,„^„,.,^^^^^^^^^^^ ^ ; 

of (1 ) a catalytically effective amount of , • "''^ °' ''^'^ 

c^^«.e..ea.„.t~^^^^^^ 

well tno^ in the an e . bv 
co^ple^of^ecatZi::'™^^^^^ 

orhi.hc„„cen.ra.i„„.<_jr;;;;;,^::;— 

cases, the percentage conversion of NO is enh^nr.H k 
o.pa.la.i„n,..3platin..ca.al..cc;:ptrt^^^^ 
acc..»c ^th.hepre.e„._t,onc...^ 

'^'■"™''""^"^°™^'°---'^--P'oabo.,..0..>ra,eso;c„nver:; 
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To^"le obtained by use of. 50 g/ft' of palladium, which under comparable 
test conditions attained an 80 to 85% conversion of NO.. 

. Any suitable loadings of the optional platinum and rhodium catalytic 
oomponenis may be used, e.g.. from 1. 5, ,0. 15 or 20 g/tf of either platinum or 
5 rhodium, up to. e.g.. 30. 40 or 50 g/f^ rhodium and up to. e.g., 70, 80 or 90 g/fr 
platinum. 

Figure 1 shows generally at 1 0 a catalytic trap comphsing refiacory earner 
member 12 of generally cylindrical shape having a cylindrical outer surface, one end 
face comprising a front face 1 4 and an opposite end face comprising a rear face 14 
,0 which is identical to front face 14. (In Figure 1 there is visible only the Junctton of 
outer surface 12 with the rear face 14- at its periphe^l edge portion. Further, there ,s 
omitted from Figure 1 the usual canister within which catalytic trap 10 would be 
enclosed, the canister having a gas stream inlet a. front face 14 and a gas sueam outlet 
at rear face 14'.) Catrier member 10 has a plurality of Hne. parallel gas-flow passages 
,5 16 formed therein, better seen in enlarged Figure lA. Gas-flow passages 16 are 

formed bv walls 18 and extend through carrier 10 from front face 14 to the opposite 
rear face 'l 4' thereof, the passages 1 6 being unobstructed so as to perm.t the flow of. 
e g an exhaust stream, longitudinally through carrier 10 via gas-flow passages 16 
hereof As will be seen from Figures 1 A and IB, walls 18 are so dimensioned and 
,0 configured that gas-flow passages 1 6 have a substantially regular polygonal shape, 
substlntiallv square in the illustrated embodiment, but with rounded comers m 
accordance wi.hU.S.Paient4,335,023.issuedJune 15, ,982 to l.C. Dettlmg et al. Of 
course gas-now passages of any suitable cross-sectional shape, square, circular, 
hexagonal, etc.. may be used. A layer 20, which in the art and sometimes below is 
.eferred.oasa-washcoaf.isadheredtothewallsl8and.asshowninFigurelB.may 

becomprisedofasingle.ayercomprisingthecatalyticNO.sorbent.Altemative.y.as 
nlnstrated ,n Figure ,B, layer or washcoat 20 may comprise a first discrete layer or 
bottom laver 20a and a seco«l discrete layer or top layer 20b superposed over bottom 
,ayer 20. For pun^oses of illustration, the thickness of layers 20. 20a and 20b are 
30 exagceraied in Figure 1 A and 1 B. 
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AS shown in Figu.. , B. hone.vcon,b.,ype n,e.bers include void 

spaces,ov,dedb,.he,a3-flowpas.a,es.andd.ec™...ecUo„a.a«aof*e.e 
passages and .he *ic.c„essofU,ewa„s defining .,ep..ageswi,,va^fr„^„„,,,p, 
ofca^er.e.be,.a„o«,e. Sin,i,a.,y. the weigh, of washooa. applied .o such 
can.ersw.llvao'fro.case.ocase. Consequently, in describing *e ,uan,i. of 
washcoa, or catalytic component or other contponen, of the composition it is 

convenient, as noted above, to use unitsofweigh. Of component per unit volunteof 

cub,c foot (Vfe..)areusedhere.n.on,ean the wei,h.ofacon,^nent per vollof 
*e earner .ember, .nc.ud.ng the volume of void spaces of the carrier member 

A typical method of manufacturing a catalytic -.p .n accordance with ,he 
present mvention is to provide the catal>,ic NO, sorbem as a coatine or laver of 
w.hcoa,o„thewa„sofUtegas.flowpassagesofas,.Ublere^^^^ 

su asacord-entehoneycombcarrier. ™s may be accomplished, as,swe., known 

.n the an by-mpregnatingafine particulate refractory meta, oxide, e.g.. activated 

alumma(h,ghsurfacearea.predomma,e,y gamma alumina,, With one or more catalvtic 

components essentially including palladium and optionally including platinum 

^d/orrhod,um.drymga„d calcining the impregnated activated alumina panicles and 
formmg » aqueous slun, of these particles. Any other suitable refrac.orv metal oxide 

support may be used. e.g.. Silica. U,ania.^rconia.baria-^rconia.ceria-zir;o„ia. 
lan,hana .irco„.a.titania-zirconiaa„dcena.a>umina. (The small amountsofceria in 
cer,a-s,ab.hzedsuppo„s,s no, unduly detrimental to fimctioningofthe catalyst uap 
— ofthe present invention., Par.iclesofabul.NO.sorben. may be inc^ 
*e slun,.. Alternatively, the NO. sorben, may be dispersed into the support 

preferably inapost-dippingoperauon. as described above. -nreacUvatedal^inamav 
e ,„,t,ally been .hemtally s.abil,.d. as is well Known m the an, by impregnaUng it' 

«th. or example,asolut.„„ofasolublesa,.ofbarium. lanthanum, rare eanh metal or 
other known stabilizer precursor, and calcming the impregnated activated alumina ,o 
form a stabilizing me.al oxide d.spersed on.o the alumina. Base metal catalvsts mav 
opuonallv also have been .mpregna.ed ,n,o ,he activated alumina, for example bv ' 
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"taJ^r^Lg a solution of nickel niaate in,o alumina panicles and calcining to 
provide nickel oxide dispersed in the alumina particles. 

The carrier member may then be immersed into the sluity of impregnated 
activated alumina and excess slurry removed to provide a Uun coating of the slurry on 
the walls of the gas-flov. passages of the carrier. The coated carrier is then dried and 
calcined to provide an adherent coating of the caulytic component and, optionally, the 
NO ,rapcomponent,to.hewallsof.hepassagesthereof. The carrier may then be 
in^ersed into a slurry of fine particles of a basic oxygenated metal compound, for 
example, in an aqueous slurry of fine particles of bulk strontium oxide, to prov,de a 
,0 second or top coating (layer) of a NO. sorbent deposited over the firs, or bonom 
coating of NO. catalvst. The coated carrier member is then dried and calcmed to 
provide a finished catalyst composition in accordance with one embodiment of the 
present invention. 

Alternatively, the alumina or other support particles impregnated with the 
, 5 catalvtic component may be mixed with bulk or supported particles of the NO. sorbem 
ir, an aqueous slurry, and this mixed sluny of catalytic component particles and NO. 
sorbent particles may be applied as a coating to the walls of the gas-flow passages of 
the carrier member. Preferably, however, for improved dispersion of the NO. sorbent. 
the washcoat of catalytic component material, after being dried and calctned. ts 
immersed (post-dipped) into a solution of one or more precursor compounds (or 
complexes) of NO. sorbem to impregnate the washcoat with the NO. sorbent 
precursor. The impregnated washcoat is then dried and calcined to pmvide the NO. 
sorbent dispersed throughout the washcoat. 

Separate, discrete layers of washcoat may be applied in successive 
impregnating/drying/calcining operations, e.g.. to provide a bottom washcoat layer 
containing, e.g.. substantially all of the optional platinum catalytic componem and a 
top washcoat laver containing, e.g.. substantially all of the palladium catalyttc 
component. Alternatively, subsmually all the palladium catalytic component may be 
contained in the bonom washcoat layer and substantially all the platinum catalytK 
componem mav be contained in the top layer. In a third variation, platinum and 
palladium catalvtic components, or portions thereof, may be contained in both the top 



20 



<WO_005961 1 A1_I_> 



rr 



wo 00/596li9 -20- 
and bonom layers of washcoat A rh.H PCT/USOO/08758 

front segment (between front face 1 4 • 

member 12) free of ces.um and potassium-based NO sorbeMs 
a^^^,e..ea.oa.a,se.me„.0,e.e™ 

^°-'°'*""P^=<="^^<"^on,pounds, excluding poiassiuro 
sojmion28 ofoneormoreNO sorhpnt 

cesium andpo.ass,»,p„;r:~~"—^°"-'^^ 

washeoa.compr.sing«.e palladium ca.,^ieeompo„en.dispe.e<,o„ame..otide 

ven,call,. Ca^er member U is dipped wi*i„ «„u,io„ 2, „„,y ,„ ^ . ^ ^ 

*e point P along ftelongimdinal axis L-L Afterdiooin ' '° ""'P* 
removed from solution 26 and dried The d " 

and dned. The dippmg and drying mav be repeated a^ 

n.an>..m,esas needed unt.1 the desired l„admgoftbea.a,i„eea.;bmerC„e„. 
precursor compound is attained. componem 

In one embodiment, care is taken not to contact the solution 26 with the 

)on.tudma,se.mentoftheca.ermember,2betweenpomtPandre.fac^^^^^ 
anotherembodimenttheentiretyofcaxTiermemherio u 

26 so as to annlv '^'PP^^ ^^^^ ^^'"tion 

steps illustrated in F'wutp "> a ^ ^ P 

s-aceorsolu,.o„2S. C^ermembernis dipped wi.hmsolu..o„;So„„.oae,h 



.^1^ . ^tTAJS00/0875g 

l...XC.e.^e„no.,oco„uc.*eso.u.ion2SwiU,.,e.ong„ud.„al.^^^^^ 

P„i„.r maybe ..*e identical pcin. along the .ongi.udi». L-L as pen. P. o. 
^,„. p. „ay be located between pointPandreaxfaceU. so as to provide an 

L_eaiate.ctionofca.etn,etnbetl.wl,e.i„.heKO.sotbentp.^^^^^^^ 
.Mons.6=.d2Sa.ptesen.Dippin.ofca^etn,e.bet,.tntoso«^^^^^^ 
.peated as described above with tespect to the dipptngs of ca™et.nen,betl2.n.o 

0 so.ution26.Dippingsarefonowedbydnringandcatamng. 

Route 3 illustrate, a catalytic trap ,0' comprised of .wo earner members 
^aira^anged in longitudinal alignnten. with rear faeel4aof carrier nte^berl 
,„d.o.e.g..inaburting contact with, front face,, of earner tnember, (in 
Hje3.on,vaportionof.he peripheral edgesofrearfaceUa of earner mentbrn 

,S Ifrontfacel.ofcarrierntentberirarevlsible. Further, a suitable can.^er hav,„ 
:I.danou.>etandwithinwhichcarr,ernt=.bers,2at,d,.wouldbeenelose 
rledf^ntPigureS.) in this=^ge.ent,.hee.haustbeing.reated .s owed tnto 
c^er.en,ber,0. Via frontfaceUthereof. through the gas-,lowp^sages,6of 
easier .e.ber,2out rear faceMathereof and intofiontface,4.ooarner.^^^^^ 
,0 V Theexhaustbe.ngtrea.edflowsthrougbthegas.flowpassages(no.v,s.ble.n 

Hgure 3, of carrier member ir and exi. from rear face ,4a' .hereof In th.s 
;:L,lt. any ces.uman.orpotass.um.0.sorbentsu.iH^ Will be relegated to 

carrier member ,2' and are excluded f«.m carrier member 12. 

,„ use *e exhaus. gas s.ream which .s conaced wi* *e ca.a,y..c uap of *e 
,5 present invention is alternately adjusted between lean and s.o,chiomet.ic/rich ope.t,ng 

operanng periods. 1. wi,. be unders,ood .ha. the gas stream, e.g., exhaust. be,ng 
re tedlybeselecvcy rendered lean or s.oichiomeuic/richeither by ad.ust,ngU,e 

;:Le,a.iofed,o .he engine genera.m, .he exhaust orbyperiod.ca,,y..ec..nga 

30 uctan.>„.o.e.asstreamups.reamofthecata,yst. Hot examp,e, .he compos.t.n 
of.hepresen.,nven.ioniswe,lsu,.eatotreattheexhaus.ofengines.,nc,ud,ngd,ese, 



<WO_0059enA1J_» 



) 



wo 00/5961 2-7 

s.o,ch.o.e„cMohope.aU„g period, a sui^,e.d.c:». suchasi^elta . 
periodicaJly sprayed imo Ae exhaus, imn,=H- , , ' 

P^senUnvention-op^videlTr, T 

^ ---nsa..,ej,j::.T:^^^^^^^^ 
.^;.=..n..de..ed..:;r^^^^^^^^^ 

bnef,.„,enn,nemrichorstoichiome,ricoondi,io„s -eleanw,* 

Figur. 4 schematicany iH„ ,he utilization of a .r«,™=n. system in K K 

---n.~int.ee.a...s..ean,.ps.._:r^^^^^ 
J trap ofthe present invention Thus a le«r, k <»uuyijc 
^ '^^^^-•'""^ or partial lean-bum engine 30 

. K 34. whicl, comprises a 

c^.s,wH,c..ss.i.aB,e to promote, .east the o^idationornvdroc^^^ 

3maycompnseaconve„tiona,TWCca.a,ystwhicHw„u,d.ypiea„vineude 
platinum, palladitan and rhoditmicatalvti.. "include 

^ .1,. .tzrir 

very nigh operating temperatures For f.vj,«,„i 

-c.t.tec.,,ueisuti,i.d.temperaturesa3.^asJoCmay;:::r" 

etreat,nentca.a,yst34.,„anyease.as,,„ifi^^ 
contatned ,n the exhaust stream is oxidized to CO and H O • ' 
34 Theeffluemft^ '"° "^O m pretreatment catalyst 

^4. "'^^"'"CTt from pretreatmentcata/vsl 34 passes vi,lin.«, 
^ J - ^ passes via line 36 to catalytic tran lc ;^ 

the fonowin, examples, al, .ei.ht percents ofa ,ive„ component of a 
com..t.o„.mc.ud,„,.hatofthe,iven 

0.-P...A^meansthata,um.napanic,esconta.„,n.O.S..hy 
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!o,56%,co.pns.s 73% b. weigh. cf*es.u„ysolids(ca.ci„edbas.s)ofwh.ch the 
Pt/AUO, is a part. 

V.Tample 1 

Thisexan,p.= providesf.vecatalyticuapsprepa,edbyexacUy*=sa™e 
p^cedurcs ..a confining exaot,y*esa.ei„^edie„. except fo,diffe™*e 

;ldiu..oadi„g,v*ich«asvaHed.o...oto.OOg/ft'Pd. The „.,ve 
l.tic.apsan,p.eco„tai»„gnopaI,aa..Ude„o.inatedS3.p.eA;.he^^^^^^^^ 
::ola;dSa.p.eB(Pd = 30s.ft'),S3.p.eC(Pd=,00g,«',.S^p.eOCPa=>.0 

o/feVaiid Sample E(Pd = 200 g/ft'). 

^ Thesamp.ecata.yticuapswerep.epaxed.*ha.wo..ayeredwashcoat,a 
^„„.c„a.a„da.op coat. The preparation of the bono, and top coats are g.ve„ 
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below. 



^ Rnttnin Coat 

--^^i-^rhavingasurfaceareaofaboutlSO square mete. 
..Vgn-impre.na.edw,thaso.ut,on of platinum antnUnehydtoxidetogtv^^ 
,0 JnlcoatoftLftn-shedcataWtrapsampleap— .oad.gof60g/«^^^ 
";aratlon,.scar.edou.hydUut.„gthep— -containing — 
::.optov.desumc.en,so.ut.on.oh.ngthehatchofalt™lnapowdcrto.n^^^^^^ 

„.„„s of the alutnlna. Us.ng a planetary tnlxer. the alumina was tmpregnated by 
.owlydHpplngthedl,uteaplatl„umarnm.nehydroxiaeso,utlonfromas„ 
OS ..^^elontothealuntlnalnamlKlngbowlanamlxlngforapproxtmatelyl to 
' minutes. The sep^atot,. ^e, was rlnsca with dlstlHed water ^d a ,.^ t^^^^ 
nitrate equal to SVoofthewelghtoftheah^lna was atssolveamthe 
"la water. While still mlxmgthe,mpregna.eaa,umlnawl.hthep.anetarym,xer. 
;:"la„umnl.ratesolutlonwasdHppeds.ow,y.om.heseparator,..mnelon^^ 

30 plaiinum-imprecnaied alumina. 
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2.Shmv?Tsmmm " pct/usoo/ostss 

The impregnated alumina obtained in i ,k 

Cylmdncal cord,.ritesubst,B.es measuring 1.5 inches f3 8. „v ^- 
inches f7 n ■ i ^ (^-8 cm) in diameter and 3 

nche.a,2cm). length were coated w.^ 

calcmmg) a target bottom coat loading of. g/inMncludin , . 

Pt/AIO Th . . ^°'-^''"-'"^'"^ingaloadmgof].25g/in^of 

^-t/AI^O, . The coated substrates were dried at 1 1 0-r f au 

for 1 hour in air. ^ ^^^'^ ^^'^^"^^ 550°C 



B. Top roaf 

4. Preparatio n of Pt on A I ^H^ 



Alumina having a surface area of about 1 'srt n,^/ 
^, ^ 1 50 m /g was impregnated with a 

.„um™m,„e hydroxide s„,„.o„.„,.em.he,„pc^ 
P. nnum ioadm, ofSO ^n' P.. Ois.i„ed wa.er was added ,o provide an amoZ V 

so.no„surr,c,e„„oana.„i„cip,en,„e,„essof.hea,umi.powder.Usr;a 

p ane.,. ^ „e a,„mma was .mpre.na.ed wi.H .he p,a.i„™ soi.ion .v s.ow,. 

-Pp.n..hed„.edp,a..n™so,u.i„nrromasepara.o.W,on..hea,uma 



in the 
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„>,i„,bo«.andn,iKi„g for approx,n>a,e,y .0 .0 ,5 .i.u«s. -^^2, 



, -,3 /■n3. Alumina having a 
The weight of Rh/AUO, in the top coat is about g/m 

f lout 90 m^-/g was impregnated with a solution of rhodium nitrate to 
surface area of about 90 m /g was i p e , u . o/fP Rh Usinn a planetar>' 

fton, a separatory fimne! onto *e ai™,na .n the m.xmg bo.l. The s p . 
was rinsed wi* a small amount of distilled water. 

„wa.er(reservi„.somefoHatetin.Heptep— — 
of less than 9 microns. 
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7. Coatin gs PCT/USOO/08758 

C. Post-dippinj 

memberswerethendriedai l]0«>Cfor4h . ^ ^he post-d,pped trap 

at 1 ] 0 C for 4 hours and calcined at 550°C for 1 hour. 

D. Testinp 

measunng 1 .5 inches n « • "™iente members 

S ^ mcftes (3.81 cm) m diameter and 3.0 inches r? 69. ^- , 
carrier member was tightly packed into ^ "^^ 

composition maintained lean for . ' 

Jest Gas Compnciti^nc^ 
e-.7^ .0.,. so pans pe.„:„,on (..pp.-, 

CO. 50 ppm CI hydrocarbon and 500 ppm NO. 
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w„e_da.in.ene.p.ra.uresof250.275.300.350.400.«0.500.and=50 C. 
Tpqt Results 

5 The «sute of «s.,„g axe sho,™ graphically in Figure = vvhere *e NO. 

c„nversioncurvesforsan,plesAU.oughEarep.ot.ed.ocompare*eNO. 
e„„versionsa».neda.various.e.peraturesfordifferent.evelscfpal.ad,um.„the 
samples. Tl.eNO.conve,sio„curvesforeachsa„,pleaxe,abe.edwitMhe 
Jspo„di„g,euer..,hro.ghE.o,*esa.plesorU.s«e 1. U.cle.^ 
,0 Fi,„„ 5 that *eadd,«o„ of palladium ,0 the fonnu.a,io.s showed s,gn.f,can. 
::len.,„durahili,.onheagedcata,.,c.rapsfor.0.con^^^^^^^^ 
Lagedsatnples..heNO. CO— a..„>ettempera,uresor300-C orSa.^^^^^^ 

Ooipd)..asa^utSS.and*atrorco.parativeSampleA,.op.a^^^^^ 
l^ut^O... P,.ure5shows.hatforatemperaturen»geoff^n,abou.2.0.o37= 
,5 NO. conversion efficiency increases with an increase in palladium content. 

Kxample 2 

Pour specmensofSampleEofExamplel.each containing 200 g/tfPd, were 

post-dipped with a solution of a different NO. sorben. precursor compound, v. 
,0 esiu:Lte.potassiumacetate.hariumacetateandsodiumni,rate^ « 
werethendriedandcalcinedtogiveineachcaseaftercalcnanonaloadrngoth 
:Zct.veNO.sor.ent.measuredas.hecorrespondingo.de.ofahout0.3g.n^The 
post-drppedmeta, salts yielded the respective oxygenated compounds, CSAKP. 
BaCandNap. -nteresultsoftesttngofthe aged catalyst samples usmgtl^e 
p™cedur=descHhedinPartDofBxample,aregiven,nP,gure6we,e.ntheNO. 

Inversion curves are labeled Cs, K. Ba and Na to indicate the metal of the post- 
dppedNO.s„rbent. It tsclear from the test results illustratedinPtgureethatthehtgh 

PdLe.of200gm' provides excellent NO.conversionra.es at lowtemperatures 
irrespective of the specif.c NO. sorbent used. 
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Exam ple i 

This example demonstrates the effect of .h, i 
catalyst fo™.ia.,on bv con,pari„« m .H , ""'^ 

*e bottom eoa.toa).eur rr "°""'°'''""™-''^^^^^^^^ 
5 the top coat. "-on- coat and palladium in 

.wo.ia.e.dned.d. Jiroa^^^^^^^^^ 

II J- wnereas in SampJe C-^ the 200 o/ft^ 

-einthe^o^r:::™^^^^^^^^ 
^ — s„ compa.sono.tht::;:i:r''' 

^ot,o™eoa„Samp,eC., sl e c ] ^ '"'^'"^ 

^--"-tempe_Lr:i:;::rr;:^ 

conversions U,a„ Sample C, a, all temn 
P-aditnn.othebot,oLoa.o:a,3:::r 

--o..hespeci«c,a.e.edco.posi..::,::r^''^"°*^^^"-^^'^^^^^^^^^ 
Exam ple J 

In this example, a sample denominated Samrf, r ^ 
Example 1 . except that 200 g/ft' P, '^-"^ P~ exactly as in 

coats. i.e.. ,00 g/fi-- of Pd wa '""""^ 'op 

s^p.ec.3jcomZT:r::ro™'^--"--°-°- 

confined to thetopcoat. Both samples Je.'rd ^ '^^ ^ 

and then dried and calcined to vJorXr^^^ 
^^.es.re,ean.a.da„.testedinacc::~ 
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,e„^.n«s„p,oabou.400»C,NO.convers.o„s,™.^.o*^^ ^ ^^^^^ 



10 



applications. 

Fvam ple 5 



15 



20 



0.35g/in ofCspastneiN , c.^^le C-1 of Example 3 are 
,.p.can>.— ^^^^^^^^^^^ 

,emp=ra,m=s up .0 about 4.5 C 3 which contains platinum. 

,0,conv.sion.— eorSantp.C> o,^-^^^^^^ 

^eintp.ovea.0.con~— ^^^^^^^^ 
especially at temperatures above about 4.5 C. 
some platinum in the con^position. 



Fa am ple 6 



30 



Ktann^ni V 

,-,ve Sample R-2 «^ made with two layers of 
in this Example, comparattve Sample R .^.^^ 

s:::::— ...» -7-»:r.rr^^^^^^ 

„,„,erasa=scribedinstep7 ofPanBofExample 1 tog, 
:::...W.Tbesample«asthenar,eaanacalc,nedat.OC. 



WO00/S96n^P 
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The top coat slurrv was made of 7^.0, r c PCT/USOO/08758 

solution Of barium acetate zirconiun. ^nipregnated uith a 
"-tocoatt.etopla.e.oa:~^^^ 

dried and calcined at 550° C. ""^ " " "^^^y^^ ^^s then 

The washcoated catalyst was rh^n 

ace..e ce.iu„ ,„ ™ ^ '^■^"'^ -'"..on of bariun, 

g/in' bariun, oxide NO, sorbem and 3. 7 '"'""^^ 

-specive oxides. Eva„.,io„ of con, ""'^ ''''' ^^'^ » 

of con,pa.a„ve Sample R.2 i, <,i^„,^. 



Examp le 7 



^'^^P'^- comparative Sample R 3 ^ 

ft- of Example 6 ,o provide a ca,a,vzed 1 . ■ '™ ' '"^ - 

plus rl,odium) loading of 1 7o ^f,, p,,/ ^"^^ "'"^ (Pla.inum 
5 coa,con.ained80o/.aiumi„l , 6./o BaO f 7" " ^"^^P 

--).-.opooa._.ne:;;:":::-~^ 
°^^-=-°--"-^^-.om,beace:r^::::t"'°""^ 

dried and calcined at 550° C fnr ^ u ' ""^^y^^ was 

-^<n-. Tbecoa,edsnbs.a.e.i,Lr ^= ^-^-"-'"^ - ^bou, 
' ces,um „i,ra,e ,o .ive ,w ' '^^ ^ °f acetate and 

--.and0.33,.n;ees.:!r:o:r":"-'"-^^^--"---O. 
Hva.a,io„ofcompara.iveSamp.eR.3i::™::::^ 

Examp U a 

In this Example, comparative Sample R 4 
.h3.ofExamples6and7and like con, ""P^^"'" ^ ~ -milar ,0 

P./^cata,,s,.i,Ho„,p, Tbe top c„ , ""^ "'"''-P'^ 

ceo.--zto.,.a„d3.s.ofzto:::r::::t'r°"^"^"'^^^'---" 

acetate. .After each coat.nc the ca,„ ' " "-3% of ZrO, from the 

-.o.a,.ashcoa.ioad.n r::::™^^^ 

^"""^'^"^"bstrate was then post 
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loadings of abou. 0.25 g/.n-d035g ^_^^^^^^^,^^ 
and 8. 

,H.a»p.es.nso.eo.a..o..ep.a.^— — 
Examples was replaced ™* palladium. 

EjainfileS 

10 - Sample L was made in accordanee with an 

TOs sample, denomma.ed Samp ^^^^^^ ^^^^^^^^^ ^ 
,„^d,memonhepresenUnve«.onw. 

""°"-:::!rm*eo*e..insepa,a.e layers. T^e^pcoa. 
v^reAerefore segregated one from 3„d 3.7% of ftom the 

,3 con.ai„ed7,%ofl.6%P— .^^^^^^^^^^^^ 

--•^=-Tl!ri;reaehcoat,ngtl.eeatal.stwasd.ieda„dcalc.ned 
4.4»/oofZrO, from the acetate. Aft .^out 4.0 g/in'. Thecoated 

,.330-Cforlhottr.The.o.alwashc^a— 

„e was then post dipped .nasolu^no^^^^^^^^^^^^^^^^^^^^^^,^,^^^^^^^ 

,0 to give the same loadings of bartum ox. _^^,^j^„,^ 
,„Examples6a„d7forthecomparauvesamp.es.{o 

^^^^:r.w.e.al.edfor.0.red..^^^^^^^^^^^ 
Samples R2,Ko an 

eo„versioncurvesareshowninF,gt.e ^ „,on for Sample L than for 

^■^-'--""'^"■"twtr andcomP-«"'-"=""^^^ 
*e comparative samples up to near, ^ ^^^^ ^^^.^^ 

..„^ratures.Thisdemonstra,esnot >*ee^^^^.^^^^^^ 

3, ,„ ,„p™v,ng NO, convers,on. espec. ^ . .„ 

,„„h=exce.,emperfonnanceatta.nedb>ala>e 
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*epla,i„u„,a„dpalladiu™areseg,e.a,edto„, . rCTmso.,„„ss 



£xaniBlelO 



Sample M in accordance wiu, an en,h„H- 
~ WU, nvo ,a,e. o,^,^, " was 

--e.o.„„e„a,.San,p,eM::t::?f?""'^----30^«' 
Pia.nu.andpai,adi»,,,p,3,;„^^ J^-'''=^°^E-Pie9.segresa,e^ 

•x-nomcoa, confined 7K5./.of08.r;^:~''"^^'''^>'-°^-''co« 

> 3 '% Of CeO,2.o,. and 4.40/. „f 2^ / " """^"^O "^2.^5% Pd/AKO." 

-hcoa,i„8*e sample was dried and „r"°'"'''™°'^™"''™^«'-- After " 
'oadin..asaB„.4.0^,„, ^e c„: d^r' ' .0. 

^--ace.,eandces.u„,n..,e.o 1 rr*^"---^^ 
'oadings as described above in Exa.1 ! '^O- 

f-owedb,d.,n,andca,ci.„;rs:;c: T^^^^ 

eva.ua.ed as described i„ Par, D „f / ' ™^ -"P'^ ,ea„.,g,, ^ 

comparaUve Samples R.2. R.3 an^ L '° *^ P^U-'ii^-f.^ 

FLCuren shows significantly higher NO 
■•'ecomparanvesa^plesaaempe^JJ ; ""^^'^^""^^-^-P'eMthanfor 

higher .e.pera.res.;esel;;t"'"'- 
P^-adium provided benerWO.converSr "^'"^''^'^'^'^ 
P-™anceisa„ainedb.San,p,eM. Iht::?'.'"""^-'''^--"- 
~insepa..e.d.scre.e.a.er3orw;tr^'""'™»^''--'-- 



Sample H in accordance with 

™w,.h.wo,a,ersorwashcoa:c;r~^^ 
P'a.mu„, in ,he bo„om coa. b„„ * ' '"P and 

BaO fron, bar,u„ ace.a.e. 3 ^.^rr " 
'■-fZr0..rron,U,eace.,e.The,opcoa..„„. 



1 6% of 
top coat contained 71% 
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of 4% PdyAUO,. 12% of CeO.Z'O. and ^^^^ 
eoaU„s*eca..V.«as.^eaa„.ca>c.„^ 

,3ai„,.asa.u.-3s..'^ec..o^~^^ ^^^^ 
, i„comparison.ocompa«.iveSampl«R-. ; ,„Fig^e 12. Figure 

-^^^ 

pal,ad,un,andnoplaunun>orAod,um. ^ and M in accordance with 

,3 .Usclearfron.*eco.pa..onoS^^a^^^^^ 

e.bodin,en.of*epresenU„ve„«on»rth*e m ^ ^^^^^^^^^^^^^^^^ 

,..eaddi.onofpal.adir»,in.>^— ^^^^ 
p.Unun,.n*eoverancor„posU.onr^^^^^ 



F.\amp^ej2 



.Mic »ap sarnples «ere prepared in accordance with *e proceto^ 

■ «a.coaUnroa — orprec...co™^^^^^^^^ 

^viap The two samples \\ ere prep« 
and cesium oMde. mc 



30 



dipping step. 
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BoU, samples wer. prepay, ^ PCT/US0««58 

~d60g/fi3p,^, j^-v-ofwashcoa. The bo„om coa, 

<'ot.o„,coa,con.ai„ed56.5»/.on 6%P^ , °" """^-^ '0 g/ft' p,. t,,, 
o''-inedfro.aso,uno„„r^^„:l^;'t'"™"'''"''"'-"'°='^-^''-^' 

Samp lp R.^ 

The entire washcoatedsubsu^tew,,,, 

,^"°'*'=~-o™pou„dsa.sso.rieTr''"'''"^^°'""™°^«-'^ 
''-d„„o.eca,c.edwe,...,^,^J^;;'-^'--^'''--p„„di„,o,,., 

^esu.s..:j^ :~;--- -B/.'o.BaO 
'hen dned and calcined a, 550=Cf„HW. 

Samp lf I 
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Tl.efro„,.e„dhaifofu,ewash-coa,erf 

--cso,u.io„so.Hau,e,„adi„,.;:: ^d -"^^^^^^^ 
»■^^.'.^^T.e.ac.-e„d.a,^Jp„,^;:f-:-■^^^ 

--on.Heca,cined.ei,H.„f,e::e:^^^^^^ 
"-""""-----andcirr:^^^^^^^^^ 

Testing 

Samples R-5 and J were th. 

^--.'".HCconversicncurvesaresho.., 
!■ is clear from cxamminc .he hvdrn.»K 

---.-rro„,.a,r„r.:3„,:^ 7" 

'"""'"''"'^-^--o.ideNO.sorben 
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WO 00/59611 .orKnn conversion. The "front half is the 

p<,„io„of..eca..y.ic»ap.n.owh,ch*e.- ^^^^^^^^^^ 
.„^auced. ^emco— ana^n^^yS^P^ atu^ned Sample 

a.a..o....ea.™p..^^^^^ 
„.se..a.o„*«po.ass,u.-b^N^^^^^^ ^^^^^^^^ 

«„ben. in .he ca.aly..c matenal. The unp .^^ 
.,eea.Mio.apma.eriaUn,oaca:rie.sub^ .such.a.^. 

,3 .hs„a...ehaoes„o.eac,...o.aUea.^^n.^^^^^ 

^.,,.e basic oxygena.edpotass,u™con>pondsnd.c^^^^^^^^^^^ 

„.,,„a,edco.po.n^a.a*^^ ^^^^^ 

potassium compounds and *e, .g- ^ „f , can-bun, ot partial 

„embe.,s subjected to condttions of usemu.m,* ^^^^^_^^^ 

,ean-bumen.ncsand;ot,o,eana.m.— B^^^ 
„,„ber,fotexampK.hcin.c.acuonbe,w=enthep 

,S avoidcd..husptov,dt„s *eobsctvcd.mp— „n^-^^^^^^ 

metals, provided thev are not formation 
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potassium compound-containing caulvic ma,. T -CT/USOOWSS 
i-„.io„ 3.e somenme. .fe.e<. . .cl^ : " 

Testing has shown fta. catalvticT 
oxygenated compound dcmonst^tcdT?"""''''' 
3 a^-OO^CwhencoatcdonTsrerrr^'""'^^''™---- 
-.v,ic..pma.eHa,coa,edora 
cyciesofieanfoiiowedbyHcril 

abo..00.o500-C. ,„c „I~""~'"'*""'=— o^'^- 

c«--o„co:;:rrs:;r:r'^-^^^^^ 

0 ^^compoundshowednosigm-ficantir r 

-<eH.candas.n,esss.ee,ca.r::r,;tT^^^ 
eonutning catalytic «p„,,„,,^,„^J"f;'-.*=--^ 

™-^.and.cpo^.^.„_J:--^^^^^ 
cord,en,e carter member, all showed NO c„ °" ^ 

5 «'en.peraturesofabou,400to500=C, 1 ""'ch was inferior 

-..ctrapma.e.ialcoa.edonas.ain:s;::;r~mr~^^^^^^^^ 

broad,. appl.caMe.oaca.aC;::^'^"-''^'^^-^^^ 

Platinum, palladium and rhodi„m)effecivrr °~*''-°°'°^"'""^ 
Oi) a NO. sorben, comprising one * 

a"d,opt.onal,y,oneormro:e 

metals. ^"-""'^ 'anh metals and rare earth 

-odim^::::::::!^^^^^ 

^-ennedrntheappenredeCs 
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What is claimed is: 



IS claimed is: 

, . A cauJytio uap for conversion of NO. in an exhaus. gas s.rca«> 
5 comprises: 

(a) a catalytic trap material comprising 

(i) a reftactoty metal oxide support having dispersed thereon a 
palladitm, catalytic component in the amotmt of a, least about 25 g/ft' 

(ii) a NO. sorben, comprising one or more basic oxygenated 
compoundsof one or more metals selected fromthegrofpconsistrng of 

alkali metals and alkaline earth metals. 

(iii) optionally, a catalytically effective amount of a plaunum 
catalytic componenL and 

■ (iv) optionally, a catalytically effective amount of a rhodtum 

catalytic component; and 

(b) a refh-ctory carrier member on .hich the catalytic trap matenal ts 



10 



coaled. 



. Thecatalvtictrapofciaimlwhereinthepalladiumcatalyticcomponen. 
.prese;intheamota„offromabou,23g/ft'Pdtoabout300g/ft>Pd. 

3 Thecatalytictrapofdaim 1 where.n the palladium catalytic component 
ispresentintheamou„.offtomabout30g/ft'Pdtoabout250g/ft'Pd. 



25 



4 The catalvtic trap of claim 1 v^erein the NO. sorben. ,s selected f^om 
,.,oopcons.s,.ngof:neormorebasicoxyge„atedcompotmdsoflUhium.sod.um. 

potassium, cesium, magnesium, calcium, strontium and banum. 

5 Th=cataWtictrapofclaim4wher=,n.heN0.sorbentispresentinthe 

amoum of from about 0.1 to 2.5 g/in'- 
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^ 'P«-i„*e.ou,a„ou„.orabou,0.,.o,.5g/i„3. " 

7. >"pofclain, 6 wherein a,e NO sorben.. 



NO. sorbem ,s present ,n U,e amoun, of fron, abou, 0. 1 ,o 2.5 g/i„^ 

II. The catalytic trap of claim 1 0 wherein the Nn k 
basicoxygenatedcontpounaofcesi..™. -"prisesa 

n. •"''"-'y.ic.rapofclaimlOorclai.nnwhereintheNOsorben. 
further contpnses a basic oxygenated compound of barium. 

oatriedl'th ""'^"^ > --e catalyt.c trap materia, is 

a. othecarnermember ,„a. leas. ,„od.scre.e layers, and thepalladium 
catahTc component ,s disposed m, he top layer. 



39 ^bT/USOO/08758 

-'"""'m Thec.u.v,ic».pofc,aim.wh=«in*eca.a.ytic«.pma.eria. 

/ ,j.v.odis..u>ayers.^v,0.subs,an...yal.thep.a.^un,ca.,^.cco.p.^^. 
^ ;L,....spos.-ne>av.anasu^.a.,.a,.*ep..a..un.ca.V«c 

5_ oomponent present being disposed in Ae ote layer. 

,5 Thecata.yticuapofclai„.14wherein*epalladimnoau^ic 
„enUsprese„tin*eone,ayer..e — of.on.a.o.ass.ft'.oa,^.^ 
;ft37dand*ep— caU,yticcon.po„en.ispresenUn*eo*er,ayer.„*e 

10 amount of from about 0.1 to 90 g/ff Pt. 

,e TbecatalvtictrapofclaimUorclaimlSwhereinthetwolayers 
eompri^eabottomlayerandatoplayerandthepanadiumcatalyticcomp^e^^^ 
..posed in the top layer and the p.a..num catalytic component .sdtsposedtn the 

15 bottom layer. 

n The catalytic trap of claim ,4 and claim 1 5 wherein a rhodium catalytic 
component is dispersed in the layer containing theplaanum catalytic component 

,8 Thecatalvt,ctrapofdaim9wherein.herefrac.orymetaloxidesuppor. 
...c.edfromthegroupcons.s.ingofa,umma,si,,ca.t.tan.a, — barta-ztrcoma. 

ILirconiM— "^-"■-—"^ 
alumina, and lanthana-zirconia-alumina. 

, 9 The catalvtic trap of claim 9 wherein the NO. sorbent is selected f^m 
regroup consisting of one or morebasic oxygenated compoundsofsodtum. 

potassium, cesium, strontium and barium. 

,0 Thecatalvt,c.rapofcla,m9wherein,heN0.sorbentisdispersedon 
-0 therefr:c.or..meta,oxidesupponby,mpre,natin,th=supponwithadispers,onof 
rormoreprecursorsofthebas.coxygenatedcompoundsinali,uidveh,cleand 
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thereafter dried and heated to decotnpose the on PCT/US00/087S8 

rr.r.r.^. ' ^ ^ °^ "^o^e precursors to the One Or 

more basic oxygenated compounds. 

of respective discrete cairier member sections. 



24. 



The catalytic trap of any one of claims K 2 3 9 or 10 in rn^K- • 
cond,„ons ,he oxidation of hydrocarbons ,„ CO, and H,0. 

25. A,ne,hodof™ar,ufac,uri„.aca,a.y.ic,rapforco„ve,.io„ofNOi„an 
exhausl gas stream comprises: " 

('» preparing a calalyiic irap material by 



10 



and 



0^ ^^T/USOO/08758 

0) dispeningomo. refractory metal oxide support a palladium 
catalytic component in the amount of at least about 25 g/ft'Pdby 
impregnating the support with a solution of a prec.trsorpallad.um 
eompoundinah^uidvehicletoprovideasupportedpalladiumcatalyuc 

- component; 

(ii) combining with the supported palladium catalyt,c 
component a NO. sorben, comprising one or more basic oxygenated 
compounds of one or more metals selected from the group co„s,sUng of 
alkali metals and alkaline earth metals; 

(b) coating the catalytic trap material onto a refractory carrier member: 

,0 drying and then heating the resulting coated refractory carrier 
member. 

26. Th=methodofclaim25wherein,hecatalytictrapmaterialiscoa«d 

,o the refractorv carrier member in at leas, two layers and substanttally all of the 
::r"..iccomponempresent.sdispersedinonelayer»dsubstanti.,yall 

Lplatinum catalytic component present is dispersed in the other layer. 

„ Themethodofc,aim25includingcombiningtheW.sorbcntwitb*e 

andheat.ngthe.mpregnatedsuppon.odecomposetheoneormoreprecursorsto.he 
NO, sorbent. 



25 
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28 The method of claim 25 wherein the carrier member comprises a 
honeycomb-.vpecarr.er member havingapluralityofparalle. gas-flow passages 



of claim 21. 
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• calcium, stromium^d barium. "^.um, magnesium. 

»^..r~-rr— ^^^^^ 

31- The method of claim 27 claim i • - 

========1- 

imo , he palladium ca,al™cwashcoa,-3„,,. 

compounds into the NO, sorbent. Precursor 



32. 



o.eo.mo.or»d.um.po.a.smma.dee.um.3Sre!^: Z 

alkaline eanh me.al compounds are selected from ""^""^ 

ofcalcium.s.o„,iumandbarium. '^^ — o.mo. 
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33. The meAod of claim 32 wherein *e meal of *= basic oxygenated 
compounds comprises cesium. 
; 34. •n>eme*odofclaim32wherein*emetalsofd.ebasicoxygenated 

compounds comprise cesium and barium. 



35. 



„ A method of treating an exhaust gas stream comprises contacting the 
stre^withthecatalytictrapofany one ofclaims 1,2.4 or ,0 under altematmg 
,0 periodsof(n.eana„d(2)s.oichiome.ricorrichoperatio„a.cond,tions.herebya, 
LtsomeoftheKO,in the exhaust gas stream is trapped in the catalyt-cmatena. 
during the periodsoflean operation and isreleased and reduced to niuogendurtng the 

periods of stoichiometric or rich operation. 

,- 36 Theme.hodofdaim35«hereintheexhaustgasstreamcontains 

' hvdrocarbons and fi^rther comprising contacting the exhaust gas stream under 

o;idi™g conditions withacatalysteffectivetopromoteoxidationofhydrocarbons 

lreby.ooxidi.hyd™carbonscontainedthe«in,priortocontactingtheexhaustgas 
Stream with the catal>tic trap. 
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